T he associations between social support and depression, and between stress and depression have been the subject of considerable research, and although this has included longitudinal designs, these have rarely controlled for genetic effects that mediate these associations. The sample comprised 7,356 female and 4,882 male participants aged 18-95 from the Australian NHMRC Twin Registry (ATR). Of these, between 100 and 324 female pairs and between 41 and 169 male pairs, depending on the measure, were monozygotic (MZ) pairs discordant for depression. We use the co-twin control design in combination with prospective analyses to explore the association between a composite of predictors (perceived social support, stress, and support × stress) and depression. With familial effects included, both perceived support and stress were antecedents to, and sequelae of, depression, but no stress-buffering occurred. With familial effects controlled, stress was a sequela of a prior depressive episode, and neither lack of support nor stress were antecedents to depression, though their interaction approached significance for males. The male twin who later became depressed had previously reported lower perceived support in the face of multiple stressors compared to his co-twin who did not become depressed. We show that associations commonly observed with prospective designs are partly due to familial factors.
Major depression (MD) has been projected to become the second-leading cause of disability worldwide by 2020 (discussed in Murray & Lopez, 1996) . In this article, we explore one attribute contributing to depression, a lack of social support in the face of stress or adversity (Brown & Harris, 1978; Brown et al., 1975) . Two models of this association dominate the literature: (a) the main effects or social-cognitive model (Rhode & Lakey, 1999) , where social support lessens the burden of pathology regardless of stress; and (b) the diathesis stress-buffering model (Cohen & Wills, 1985) , where support lessens the burden of pathology only at higher levels of stress. We will compare these models using the co-twin control design (Cederlof et al., 1977; Kendler et al., 1999; Kendler et al., 1993b) comprising, as described shortly, phenotypic analyses and the discordant MZ analyses that assess unique environment effects. In addition to this, we use a prospective design to assess the direction of association; does support, stress or support × stress influence subsequent levels of depression or is this direction reversed? Thus, by combining discordant MZ analyses and the prospective design, we assess whether effects of the unique environment are antecedents to or sequelae of risk for depression.
Overview of Methodologies Used in the Literature
Several techniques have been used to assess the relationship between depression and both social support and stress, and we consider these before reviewing the literature. Cross-sectional research has been abundant but is limited. The associations between depression and both stress (K. S. Kendler et al., 1999) and social support (Wade & Kendler, 2000b) are mediated by genetic factors. These shared etiologies inflate the associations from any such cross-sectional studies. Consequently, more rigorous designs are required (Finch & Zautra, 1992) . Longitudinal techniques,
469
Twin Research and Human Genetics Volume 12 Number 5 pp. [469] [470] [471] [472] [473] [474] [475] [476] [477] [478] [479] [480] [481] [482] [483] [484] [485] [486] [487] [488] Phenotypic and Discordant-Monozygotic Analyses of Stress and Perceived Social Support as Antecedents to or Sequelae of Risk for Depression including the prospective design and the more comprehensive panel design, improve on designs that are cross-sectional because they can assess how variables are associated after controlling for shared etiologies.
Behavior-genetic studies have also made an important contribution to the literature addressing the association between depression and social support, stress and support × stress. One such technique is the co-twin control design (Cederlof et al., 1977; Kendler et al., 1999; Kendler et al., 1993b) . It is conceptually similar to the more popular classical twin design, except that it considers discordance between twin pairs, not the degree of association or correlation between twin pairs.
In using the co-twin control design to assess the association between support and depression, we can compare the association observed for three samples: (a) a phenotypic sample, (i.e., of non-twins, or twins treated as individuals and not as pairs who are discordant) (b) a within-pairs test of MZ twins discordant for depression and (c) a within-pairs test of dizygotic (DZ) twins discordant for depression. Here we omit the analysis of DZ pairs, as detailed in the next paragraph. This aside, if social support and depression covary via unique environmental effects, then the association will be similar in MZ pairs, DZ pairs, and the phenotype. If they covary via the common environment, then the association will still exist for the phenotype, but will disappear for MZ pairs and DZ pairs. If support and depression covary via genetic influence, then the association will still be high for the phenotype, will not exist in MZ pairs, and will be about mid-way between the two for DZ pairs. Thus, the co-twin control design can elucidate how variables are associated; specifically, whether this association is due to (a) the unique environment, 'causal' factors, or (b) heredity or the common environment, 'non-causal' factors (Kendler et al., 1993b) .
Here we only consider the discordant analyses for MZ and not DZ pairs. This is because our primary focus is to control all familial effects (both the common environment and genetic effects) and explore associations due solely to the unique environment. We include the phenotypic analyses to consider all associations without controlling for familial effects, in parallel with others using the co-twin design (Cederlof et al., 1977; Kendler et al., 1999; Kendler et al., 1993b) , though some exclude the phenotypic analyses (Carr et al., 1981; Lynskey et al., 2006; Martin et al., 1982) .
We review studies that employ either longitudinal designs or techniques from behavior genetics to assess the association between depression and social support, stress, and support × stress using adult samples. Further, we only consider studies of unselected samples and not those of selected samples (i.e., exposed to a particular stressful experience, such as breast cancer or combat), where studies are abundant.
The Association Between Social Support and Depression Longitudinal Studies
Longitudinal research on the relationship between social support and depression has explored both the main effects of social support on subsequent levels of depression and the reverse, the effect of depression on subsequent levels of support. Research on the latter has found depression predicted lower social support in older (Cutrona et al., 1986) and middle aged adults (Johnson, 1991) , but not in college students (Joiner & Metalsky, 1995) . However, symptoms of depression did not predict a future increase in social rejection of male and female college students.
Most longitudinal research has explored the impact of social support on subsequent levels of depression. Lack of social support prospectively predicted symptoms of depression (Cohen et al., 1984; Fernandez et al., 1998; Finch & Zautra, 1992; Krause et al., 1989; Oxman et al., 1992; Russell & Cutrona, 1991; Wallace & O'Hara, 1992) , onset of depression (Phifer & Murrell, 1986) , the course of existing symptoms (Cutrona, 1984; Kivela & Pahkala, 1989; Lin & Ensel, 1984) , and distinguished remitted depressives from controls (Billings & Moos, 1985) . Conversely, support did not reduce symptoms of depression (Cranford, 2004; Fukukawa et al., 2000; Monroe, 1983; Monroe et al., 1983) , and receiving adequate support from a single extramarital confidant did not protect against the onset of a depressive episode (O'Hara, 1986) . Overall, the literature suggests social support is both an antecedent to, and a sequela of, depression, though the evidence for both is mixed.
social contacts predicted subclinical depression in women but not men (Bildt & Michelsen, 2002) . By contrast, another found that social attachments both predicted and were predicted by mental distress in men but not women (Johnson, 1991) . Beyond these studies however, research is scarce.
A behavior genetic study exploring sex differences was performed by Kendler et al. (2005b) . Overall, the relationship between lower support and the onset of MD was found to be stronger in women for a global measure of social support and for four of the seven sources of support: spouse, co-twin, parents and relatives. Thus, women with low social support appear more susceptible to depression than men with low social support.
The Association Between Stress and Depression
Several longitudinal studies explored the prospective association between stress and depression. Some showed stress was an antecedent to higher symptoms of depression (Cohen et al., 1984; Cranford, 2004; Fernandez et al., 1998; Monroe et al., 1983; Olstad et al., 2001) , while others found no association (Monroe, 1983) , even when considering this separately for sex (Bildt & Michelsen, 2002) . Sex differences were also explored by using DZ pairs discordant for sex. The result depended on the specific type of stressful event. Males were more susceptible to depression following either divorce/separation or work problems, while females were more susceptible following a problem getting on with someone in their close network. However, across all stressors, the male and female differences in the likelihood of depression were similar. A behaviorgenetic study by Kendler et al. (1999) explored the association between stress and depression in females. They used the co-twin control design, and showed that about two-thirds of the association between stressful events and depression was due to the unique environment, with the balance due to heredity and the common environment. In summary, while the association between stress and depression is due, in part, to common genetic factors, unique environment factors clearly contribute to the association, and stress can be an antecedent to subsequent depression.
The Association Between Social Support, Stress and Depression

Longitudinal Studies
Findings from longitudinal studies that explore stressbuffering (i.e., risk of depression increasing with each additional stressful event (SLE) for those with low but not high social support) are mixed. Some found evidence of stress-buffering (Cohen et al., 1984; Cohen et al., 1986; Dalgard et al., 1995; Fernandez et al., 1998; Frese, 1999; Monroe et al., 1983; Olstad et al., 2001; Ren et al., 1999; Stansfeld et al., 1997) , while others found no such evidence (Cranford, 2004; Ingledew et al., 1997; Monroe, 1983; Wade & Kendler, 2000a) . The studies differed in the measure of social support used, the time interval between occasions of measurement, whether support preceded or was preceded by the stressor, and the number of other predictors included in the analyses. Thus methodological differences may contribute to the inconsistent evidence for stress-buffering. Kessler et al. (1992) showed that the nature of the relationship between MD, social support and stress in females depended on the source of social support. For example, for perceived friend support and frequency of club attendance the association with MD could be attributed to a third common process (e.g., locus of control), but for perceived spouse support, perceived relative support, confidant, frequency of interaction with relatives, frequency of interaction with friends, and frequency of church attendance it appears that levels of support affect depression in a causal mode. , using the discordant MZ twin design with an all-female sample, showed that two of six dimensions of social support, problems with relatives and relative support (the other four dimensions being friend support, friend problems, confidants and social integration), helped explain the discordancy. So did exposure to stress; the pairs differed significantly such that the depressed twin had had higher exposure. Note, however, that compared to some other predictors, such as twin reports of maternal protectiveness, history of social phobia, and history of divorce, the associations between MD and stress and social support were very modest.
Behavior Genetic Studies
In possibly the most comprehensive study conducted to date on the causes of MD, Kendler and colleagues used longitudinal data and a behaviorgenetic design to model the multitude of contributing pathways to MD in males and females (Kendler et al., 2002) . Social support and stressful life events were components of adversity/ interpersonal difficulties, one of the three major paths leading to MD (the other two major paths were internalzing problems and externalizing problems). This research confirms that low social support and stress are among the antecedents to the onset of depression.
shows it does prospectively predict depression, but the findings are again inconsistent.
Some of the reviewed literature has controlled for heredity and the common environment when exploring the association between support and depression (Wade & Kendler, 2000b) , or support and depression and stress and depression (Kendler & Gardner, 2001 ), but not support × stress and depression. Further, none of the research so far has explored these associations in males using a prospective design. Our research addresses these issues.
Method Participants
The participants comprised an older and younger cohort (detailed in (Kendler et al., 1986) , although the level of education completed is higher, particularly for males (Baker et al., 1996) . Over the period 1992-2000, participants were interviewed by telephone using a version of the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) modified for use in Australia (N = 16,302 response rate 83%), a comprehensive psychiatric interview assessing the physical, psychological and social manifestations of alcoholism and psychiatric disorders in adults (Bucholz et al., 1994) according to DSM-IV criteria (American-Psychiatric-Association., 1987 b 18 pairs were in the older cohort so were excluded from the younger cohort, attempts were made to locate all non-responders but despite extensive effort 1000 pairs could not be recontacted -understandable, as we had recruited the majority of this cohort some 10 years earlier when they were at school. c Includes participants who had failed to return a completed questionnaire but were followed up by telephone (up to five times), and asked to then complete an abbreviated telephone interview to obtain basic demographic information. d Response rate was higher for the older cohort as they were a sample of known responders; each had responded to a mail survey in 1981. e Includes the 3808 twin pairs from the HLQ plus 74 additional pairs. f 443 individuals were ineligible for the study as they either; could not be located (87 individuals), were overseas (59 individuals), were deceased (295 individuals), or were not assigned for interview by the end of the study (2 individuals). g 1213 were ineligible for the study as 268 pairs were lost and 677 individuals either; could not be located, were deceased, were incapacitated, were otherwise unable to complete the interview, or were not assigned for interview by the end of the study. h For a conservative diagnosis of DSM-IV MD, cases with postpartum onset are removed. Hence, the MD rate for females in the older cohort is lower than that in previous reports of this cohort (Bierut et al., 1999; Gillespie et al., 2005) . i The MD diagnoses reported in this table includes cases with first onsets occurring before (as well as after) the reporting of SLE.
items. They comprised three questions assessing respondents' belief that members of their social network would be willing to (a) listen to their problems, (b) understand the way they felt about things, and (c) help if help were needed. The three questions were asked for six sources of support (spouse, twin, children, parents, relatives and friends) on a four-point response scale; 'not at all' (0), 'a little' (1), 'quite a bit' (2), 'a great deal' (3).
A factor analysis (Coventry et al., 2004) showed a single factor solution explained 30% of the variability in both males and females. Further, Coventry (2008) showed that, of the unique environment variance in social support, a single factor explained 51% and 46% of the variance in males and females respectively. Hence, the discordant MZ analyses will capture approximately half the variance by using this single factor. The Cronbach's alpha for the single phenotypic factor was .87 (Coventry et al., 2004) , and the testretest reliability was .65, based on a sub-sample of 879 twins who completed the questionnaire twice at a mean interval of 2.1 years (Coventry et al., 2004) .
To ensure that responses referred to current members of the support network, we removed the responses for participants who reported on (a) spouse support without apparently being married (585), (b) support from a deceased twin (17), (c) support from children without apparently having any children (163) and (d) support from parents even though both parents were reported deceased (667). We also deleted a support source if a participant had incomplete responses on any of the three items (help, listen and understand) that comprised each source. We then computed the single factor as the mean of all non-missing responses, so responses potentially range from 0 to 4.
Stressful Life Events (SLE)
The HLQ included a total of 40 items in three SLE inventories (personal, social problems, and network) which were adapted from the List of Threatening Experiences (LTE) proposed by Brugha et al. (1985) . These inventories and the two factors (personal, [PLE] and network [NLE] life events), created from the 40 items using a preliminary factor analysis (Coventry, 2008) , are presented in Table 2 . We recoded eight or more stressful life events (the highest 1.3% of cases for both personal and network SLE) to seven.
The internal reliability for our personal SLE factor (which comprised the personal and social problem items), was .68, and for our network factor, was .65. These are low, but this is expected since the scale comprises events that are largely independent. These reliability coefficients would in fact be bolstered by genetic effects that are consistently observed to be significant for SLE (Foley et al., 1996; Kendler et al., 1993a; Plomin et al., 1990; Thapar & McGuffin, 1996; Wang et al., 2005; Wierzbicki, 1989) .
We considered treating the social problem items (see Table 2 ) as a measure of social support rather than a measure of SLE, because the measure of social support used by Wade et al. (2000b) contained similar social problem items. To resolve this, we ran a factor analysis that included items from the KPSS (18 items) and all SLE items (12 personal, 21 network, and 7 social problem items). A two-factor solution clearly delineated a social support factor and a SLE factor, and, interestingly, the seven social problem items clearly loaded on the SLE factor. This suggested the social problem items were more closely associated with the SLE items, so we treated them as SLE, not social support.
Depression
We derived two diagnoses of depression from the telephone interview; (a) DSM-IV diagnosis of MD, (b) a less severe depression diagnosis of sub-clinical depression (SCD). Diagnoses with SCD comprised individuals who had experienced two or more weeks of feeling depressed/down or a lot less interested in most things or unable to enjoy the things usually enjoyed. The more severe diagnosis of MD also required, first, at least four of the following symptoms; (a) significant weight loss, (b) insomnia, (c) psychomotor agitation/ retardation, (d) fatigue or loss of energy, (e) feelings of worthlessness or excessive/inappropriate guilt, (f) diminished ability to think/concentrate or indecisiveness and, (g) recurrent thoughts of death or suicide ideation or attempts. And second, impaired functioning, requiring that (a) help be sought or received from a doctor or other health professional, or (b) functioning in major responsibilities (e.g., job, home duties, study) or other areas of life be affected. Participants with MD and SCD diagnoses were removed if (1) they met the criteria for mixed episode (i.e., manic depression), (2) their symptoms were not due to childbirth, substance use (prescription medication, drugs or alcohol), serious illness, or events that were later found to be untrue, or (3) the symptoms were not better accounted for by bereavement.
Many studies on depression simply consider MD. We were keen to use a less severe criterion for two reasons: First, to maximise the sample size, particularly with male MZ twins discordant for depression only occurring during specific timeframes (discussed shortly); second, because the literature generally shows depression is not comprised of distinct subcategories, but is a continuous dimension of liability (Akiskal et al., 1997; Cox et al., 2001; Judd et al., 1998; Kendell, 1982; Kendler & Gardner, 1998; Kessler et al., & Swartz, 1997; Maes et al., 1987; Zimmerman et al., 1986) .
Participants with the MD or SCD diagnoses were not mutually exclusive. The MD and SCD variables comprised the same distribution, but the placement of the threshold for affected/unaffected was higher for MD. Therefore, the participants with MD (15% in males and 20% in females; see Table 1 for further details) were a subset of the participants with SCD (34% in males and 38% in females).
We defined four different time periods for the onset of depression (Gillespie et al., 2005) , based on the onset of the first depressive episode, and present these in Figure 1 . This was somewhat complicated as the questionnaire assessed perceived social support at the time of the questionnaire, but assessed SLE over the 12-month period before the questionnaire. To accommodate this, we defined four time-periods that comprised onset occurring: (a) Before, during, or after the 12-month reporting period (RP) for SLE, called Lifetime depression.
(b) Before the 12-month reporting period for SLE, called Before12RP. As a rough guide, participants meeting this criterion represented between 46% and 52% of those with a lifetime diagnoses of depression.
(c) Both (1) during or after the 12-month reporting period for SLE and (2) in the 12 months before and after KPSS reporting, called During/after12RP. Participants meeting this criterion represented between 48 and 54% of those with a lifetime diagnoses of depression.
(d) After SLE and KPSS reporting, called After12RP.
Participants who had onsets of depression occurring outside the stipulated timeframes were treated as missing (discussed in Coventry, 2008) .
Analysis
Polychoric Correlations
We used polychoric correlations, computed in PRELIS (Jöreskog & Sörbom, 2005) , to measure the association between each of our variables, since some were
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Figure 1
The four different timeframes defined according to the onset of the first episode of depression. The Health and Lifestyle Questionnaire (HLQ) asked about participant's current level of perceived social support (KPSS) and their SLEs experienced over the last 12 months. The depression timeframes were relative to the 12-month Stressful Life Event reporting period (12RP).
Telephone interview diagnosing depression Lifetime depression
Onset before (Before12RP) Onset during/after (During/after12RP) 12 month SLE reporting period Onset after (After12RP) } KPSS reporting categorical (depression) and some were skewed (depression and SLE).
Phenotypic Analyses
The phenotypic analyses were run using logistic regressions that predicted dichotomous measures of depression (MD and SCD) from sex, age, KPSS, SLE, and the KPSS by SLE interaction.
Discordant Analyses
Our analyses of twin pairs discordant for depression were concerned with differences within twin pairs, where one but not both from the pair had depression. For these analyses, we ran a conditional logistic regression using the Cox regression procedure in SPSS. Time to onset was constant and stratification was by family so the twins were treated as a pair. The predictor variables included KPSS, SLE and the SLE by KPSS interaction. All predictor variables were standardized, thus making the odds ratios (OR) comparable for each predictor (Aiken & West, 1991) . In the current analyses, the unit of analysis was the difference score between twin pairs, which were normally distributed for each predictor.
In line with previous research (Kendler et al., 1999) , in the discordant analyses we only considered effects of personal, not network, SLE. This is because members of a twin pair will share many of their network SLE. For the phenotypic analyses however, we do consider the effects of network SLE.
Prospective Design
In the prospective analyses, we explored KPSS and SLE as antecedents to depression by entering depression occurring either During/after12RP or After12RP as our dependent variable (DV). This was equivalent to a regression predicting depression at Time 2 from perceived support and SLE at Time 1, controlling for depression at Time 1 (which was constant since no participants had depression at Time 1). We also explored the reverse, KPSS and SLE as sequelae of depression, by entering depression occurring before SLE reporting (Before12RP) as our dependent variable. We applied this prospective design to both the phenotypic and discordant analyses.
Statistics Used
We initially interpret significance using the Wald test. However, in small samples, the Wald is less reliable than the likelihood ratio test. Therefore, we also report significance using minus twice the difference in the log likelihood (-2ΔLL) for predictors significant at .01 on the Wald test. This -2ΔLL statistic has the distribution of a chi-squared statistic with degrees of freedom equal to the difference in number of parameters for successively nested models. Accordingly, we fitted stepwise regressions, which assessed the change in model fit with the addition of each predictor. Hence, the -2ΔLL estimates significance after controlling for predictors previously entered in the model. By contrast, the Wald test reports significance after controlling for all other predictors. Likewise, the OR (strength of effect) does the same. Hereafter, we consider significance according to -2ΔLL, and the strength of effect according to the OR.
Corrections for Multiple Testing
A Bonferroni correction was performed for the separate male and female analyses since they represented two sub-samples, with different subjects in each (Bland & Altman, 1995) . Hence, with an α = .050, only p < .025 (.050/2) were significant. We did not apply a correction for the different severities of depression (MD or SCD), the different timeframes of depression (Lifetime, Before12RP, During/after12RP and After12RP), nor the different SLE measures (personal or network) but, instead, interpret the results with caution.
Comparing the Phenotypic and Discordant Analyses
To compare the fit of the phenotypic analyses against those that used discordant twin pairs, we, like (Kendler et al., 1999) , do not present a formal test to compare these models, but simply compare the ORs for each predictor. We treated our phenotypic and discordant analyses slightly differently in that we included age and sex as covariates in the phenotypic but not the discordant analyses. To consider the effects of this, we ran the phenotypic analyses with age and sex excluded as predictors. The differences in the estimates of the three predictors (KPSS, SLE and KPSS × SLE) were negligible, suggesting our different treatment might be inconsequential.
Results
Polychoric Correlations
We present the polychoric correlations between all depression, KPSS, SLE and age variables in Table 3 . Generally, the correlations for SCD were similar to the correlations for MD, so we only discuss correlations with MD here. Overall, the correlations with depression were stronger for personal life events than for both network life events and the KPSS.
Phenotypic Analyses
We present the results of the phenotypic analyses for Lifetime depression and onset Before12RP in tables 4 and 5 for personal and network SLE respectively, and for onset During/after12RP and After12RP in Tables 6  and 7 for personal and network SLE respectively. For age and sex, we only present the Wald statistic, not the -2ΔLL, since the two were virtually identical. The overall model fits (i.e., with all predictors entered) for all analyses were significant (p < .001), suggesting that all the predictors as a composite significantly predicted depression (SCD and MD).
Sex
Depression was significantly higher in females across all analyses, as expected (p = .01). The OR for sex when averaged across all analyses was 1.42 (SD = 0.11; range = 1.27 to 1.60). This suggests that for every depressed male, there are 1.42 depressed females.
Age
Age varied in its association with depression. For all the analyses of onset occurring During/After12RP or After12RP, age was significant (p < .01), with depression declining with age (mean OR = 0.57; SD = 0.03; range = 0.52 to 0.63). For Lifetime depression (SCD and MD), the direction was the same, though the effect was not as strong, and was not significant for MD in males. However, for onset Before12RP, the direction of the association reversed and depression increased with age. However, this was not consistently significant across the analyses of SCD and MD with network and personal SLE. These findings suggest a curvilinear association, with depression increasing with age in early adulthood but decreasing with age in middle and older adulthood.
KPSS
All associations between perceived social support and depression were in the expected direction; nondepressed individuals had higher perceived support than the depressed participants (mean OR = 0.86; SD = 0.03; range = 0.81 to 0.91). This strength of effect (i.e., the OR) was also consistent and was similar in males and females.
SLE
Personal and network SLE were a significant predictor in all analyses. For SLE, the strength of effect was greater than that observed for the KPSS. For personal life events, the average OR of 1.51 (SD = 0.14; range = 1.25 to 1.83) showed individuals experiencing SLE were more likely to be depressed. For network events, the direction of this effect was the same, but the average OR was smaller, at 1.21 (SD = 0.05; range = 1.12 to 1.29). For personal life events but not network life events, the strength of effect was marginally higher in females than males. Across the different timeframes, there was a slight difference in the strength of the effect, with smaller effects for During/After12RP and After12RP than for Lifetime and Before12RP.
The SLE × KPSS Interaction
We observed few interactions between KPSS and SLE in predicting SCD and MD. Across the 48 separate analyses, the ORs were close to 1.00 (mean OR = 0.98; range = 0.89 to 1.08). Further, we observed only two interactions and these only approached significance; p = .053 when network SLE × KPSS predicted
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William L. Coventry, Sarah E. Medland, Naomi R. Wray, Einar B. Thorsteinsson, Andrew C. Heath, and Brian Byrne Lifetime MD in males and females, and p = .060 when network SLE × KPSS predicted onset Before12RP in males and females. By chance alone, we would expect two at α = .05. Therefore, across the analyses, there is minimal support for an interaction. A limitation with these phenotypic analyses is that the interdependence between twin pairs might inflate the p-values, but not the odds ratios. However, elsewhere, (Coventry, 2008) , we show with additional analyses that this did little to inflate the p-values. Hence, it is unlikely the effects we observe are simply an artefact of nonindependent data though we interpret our results with some caution.
Summary
Depression was higher in females, while the effects of age depended on whether depression occurred before or after SLE. Lower support was associated with higher depression, with the strength of effect similar across sex, depression severity and depression timeframe. Both personal and network SLE were associated with depression, with no pronounced differences across sex, depression severity and depression timeframe. There was minimal support for stress-buffering.
Analyses of MZ Pairs Discordant for Depression
Fit of the full regression models
For the analyses of MZ pairs discordant for depression, we present results for Lifetime depression and Before12RP in Table 8 , and the results for During/ after12RP and After12RP in Table 9 . Across all analyses, the full regression models (i.e., with all predictors entered) were only significant in one of the 24 regressions with another two approaching significance. This suggests the prediction provided by the combination of independent variables was not significantly better than a null model with these independent variables fixed at zero. These results are in contrast to those from the phenotypic analyses, where the fits were clearly significant. While the full regressions were not significant, this does not negate interpreting individual predictors, some of which were significant, which we report next.
SLE
For personal SLEs (since network events were not analyzed here, as previously discussed), the significant effects were for Lifetime depression and onset Before12RP, not onset During/after12RP or After12RP. They were significant (p < .05) in the joint male and female analyses of MD and SCD and in the female analyses of SCD but not MD. The ORs for personal SLE suggested the effects were similar across the different timeframes of depression, or marginally higher for earlier than later timeframes. The average OR for personal SLE was 1.22 (SD = 0.10). As expected, this was lower than the average OR from the phenotypic analyses of 1.51 (SD = 0.14). This suggests about half the 
The SLE × KPSS interaction
Despite seeing no main effects at all for KPSS, personal SLE interacted with KPSS in the joint male/ female analyses and in the male analyses. However, this was only for onset During/after12RP and After12RP (not Lifetime or Before12RP), where the main effects for personal SLE had generally not been significant. In males/females combined, this interaction approached significance; for MD (OR = 0.81, p = .085 and OR = 0.79, p = .074 for During/after12RP and After12RP respectively) and SCD (OR = 0.84, p = .065 and OR = 0.84, p = .071 for During/After12RP and After12RP respectively).
From the separate analyses of males and females, it appears that the males largely drove the interaction. In males, it either approached significance, for MD (OR = 0.58, p = .057 and OR = 0.53, p = .043 for During/After12RP and After12RP respectively) and SCD (OR = 0.61, p = .027 for After12RP respectively), or was significant, for SCD (OR = 0.62, p = .017 for During/After12RP). The ORs also suggested this interaction was more pronounced for males (mean OR = 0.59), than females (mean OR = 0.89), and for onset During/After12RP and After12RP, than for Lifetime depression or onset Before12RP. The sample sizes for these interactions were small, particularly for MD (51 and 44 pairs for During/after12RP and After12RP respectively). The sample was slightly higher for SCD.
The interactions were generally in a stress-buffering direction (i.e., high but not low support is increasingly protective with increasing SLE), as seen in Figure 2 , (a) through to (d). With little exposure to SLEs, perceived support was similar in the depressed and nondepressed twins. However, with two or more SLEs, support was generally lower in the twins who later became depressed than in the co-twins who did not become depressed (even though they also experienced two or more SLEs). However, there were some departures from this general trend. For SCD, for the During/After12RP but not the After12RP timeframes, the difference in KPSS between the depressed and nondepressed twins was primarily for two SLE and dissipated with three or more SLEs.
There are two possible explanations for this finding. First, it might possibly reflect chance variation, with a decline in the prevalence of discordant pairs who experience multiple SLEs. Second, it is possible that multiple SLE reached a threshold whereby the individuals were so stressed it made little difference whether they had high support or not, even though high support was effective in preventing SCD at stress levels immediately below this threshold, as has been discussed elsewhere (Kendler et al., 2005a) . 
Discussion
The prospective design assessed whether perceived social support, SLE and support × SLE were antecedents to, or sequelae of, depression by using different timeframes for depression onset (Gillespie et al., 2005) ; Lifetime depression and onsets Before12RP, During/After12RP and After12RP. Further, by using MZ twin pairs discordant for depression, we explored whether there was an association when considering only effects of the unique environment by controlling all familial influence. The ORs showed the main effects for personal SLE from the discordant analyses were approximately half those from the phenotypic analyses. Hence, a combination of unique environment and familial effects account for the association between these SLE measures and depression. Further, these unique environment effects were significant. Although this was primarily for Lifetime depression and Before12RP in females, the ORs suggested this association was equally strong in males and females, but declined slightly with subsequent timeframes. Hence, while the unique environment effects of personal SLE are an antecedent to, and a sequela of, depression, there was more support for the latter.
For perceived support, the contrast between the phenotypic and discordant analyses showed that, generally, the OR from the phenotypic analyses were stronger than those from the discordant analyses (which were not significant), suggesting again a combination of unique environment and familial effects explained the association between support and depression. The discordant analyses showed the main effects of perceived support were neither a significant antecedent to, nor sequela of, depression. This is contrary to a body of literature observing these effects. However, in contrast to these previous researchers, we only considered effects of the unique environment. Very few of these previous researchers controlled for familial effects. That our prospective associations were clearly stronger when we combined the familial effects with the effects of the unique environment suggests that the positive findings of previous researchers are, in part, due to the contributions of these familial effects. Across the different timeframes, for both the phenotypic and discordant analyses, there were few differences in the effect sizes for perceived support. However, for SLE, we observed a slight decline in the effect size with later timeframes. Generally, across all analyses, the effects were similar between Lifetime and Before12RP and between During/After12RP and After12RP. It is understandable that effects for Lifetime and Before12RP are similar. If we take, for example, participants aged 30 years at the time of the questionnaire, for both Lifetime and Before12RP, they will be reporting on depression occurring in the 30 years beforehand. While this is a long lead-time, we have taken the view that any depressive episode, no matter what age, will still represent a precursor, in one twin, for subsequent KPSS or SLE levels. We were hesitant to refine these timeframes further (i.e., to be within closer proximity to the SLE reporting window) because of the resulting reduction in sample size.
The one effect that was unique to some timeframes and not others was the trend of a male interaction between personal SLE and KPSS, observed for only the later timeframes (During/After12RP and After12RP). The interaction in males was evident for different severities of depression, MD and SCD. This interaction suggests that the male twin who experiences many SLE but who also has lower perceived support at the end of this reporting period for SLE will be more likely than the co-twin to have an onset of depression in the years that follow. Thus, for males at least, stress-buffering effects of support might reduce depression after controlling for all familial effects.
We observed few differences across two severities of depression; SCD and MD. Mostly, the effect sizes for the associations were similar for each, or greater for MD. This is consistent with the notion of depression as a liability with a continuous distribution.
Limitations
Our sample comprises participants who had resided in Australia for at least a decade prior to interview, as the Australian NHMRC Twin Register (ATR) recruited them some 11 to 17 years earlier (for the older and younger cohorts respectively). At least for the younger cohort, that the ATR was able to contact them means they completed their schooling in Australia. This suggests they will have an established family and social network. By contrast, people working abroad, or immigrants, might not have this same family or social network established. Some interesting research has explored social support in migrant populations (Carta et al., 2001) . The associations we observe may differ for individuals that have had less opportunity to establish themselves socially.
Second, the window between when participants reported their perceived social support and SLE and when they completed the interview for depression was 4.2 years on average, which is quite long when compared with other research. Further, the effects of stressful events are, generally, more immediate than our window would suggest Surtees & Wainwright, 1999) . In attending to this limitation, we hoped to select only participants who experienced onsets of depression in the years immediately following the SLE reporting period, but, in the interests of retaining a sufficiently large sample, we could not. Therefore, our research considers mediumterm (3 to 5 years) implications of the stressful event. Strictly speaking, it is not comparable to research considering only the immediate term.
Third, our analyses were not truly prospective in that, rather than assessing depression at the time of or soon after each depressive episode, we relied on participant's recall of when in their lives each depressive episode occurred. Hence, our measure is limited to the extent that participants recall was reliable.
Fourth, the current interpretations have assumed that differences between twin pairs are a consequence of 'real' unique environmental variance. It is also possible however, that these differences result from error variance, random developmental mutations or epigenetic effects including DNA methylation.
Fifth, an important avenue for future research will be to extend our research to the individual KPSS subscales; support from spouse, co-twin, children, parents, relatives, friends, and confidant, and helping support. We can then make comparisons with other studies which also considered some (Wade & Kendler, 2000b) or most (Kendler et al., 2005b ) of these sub-scales.
Sixth, as previously mentioned, we did not fully account for multiple testing. While we corrected for the separate male and female analyses, we made no correction for the different timeframes (Lifetime, Before12RP, During/after12RP and After12RP), since the precise correction required was indeterminate. Further, in the phenotypic analyses (not necessary for discordant analyses), we made no correction for the different SLE measures (personal and network). Hence, it is appropriate to interpret our results with some caution.
Conclusion
In our phenotypic analyses, we observed associations of depression with low perceived social support and high stress, and, like Wade et al. (2000a) , we found no evidence for stress buffering in these phenotypic analyses. We then controlled the familial effects. Intriguingly, neither support nor stress on their own were antecedents to depression, though stress was a sequela of depression. However, in males, the combination of support and stress interacted to provide a trend of stress-buffering against depression. Hence, perceived support in the face of multiple stressors was an antecedent mitigating subsequent depression.
While this finding provides promise for intervention, we must be cognisant of the role of support and stress when alongside the multitude of other important antecedents to depression. No individual risk factor alone causes depression. Rather, a combination of risk factors is required. To name but a few: genetic vulnerability, early-onset anxiety, substance abuse, low parental warmth and marital problems . Social support merely represents one risk factor for depression, and relative to these other factors, its influence is moderate at best.
